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LIQUID CRYSTAL DISPLAY DEVICE

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of the Korean Patent
Application No. 10-2014-0037587 filed on Mar. 31, 2014,

which 1s hereby incorporated by reference as 1t fully set forth
herein.

BACKGROUND OF THE INVENTION

Field of the Disclosure

Embodiments of the present imnvention relate to a liquid
crystal display device, and more particularly, to a liquid
crystal display device which facilitates a simple structure by
partially removing structural and optical components.

Discussion of the Related Art

A liquid crystal display (LCD) device 1s a device for
displaying information through the use of light modulation
in a liquid crystal cell. As a voltage 1s applied to a specific
alignment of liquid crystal molecules included 1n the LCD
device, the specific alignment of liqud crystal molecules 1s
changed to another alignment. Thus, the LCD device con-
verts a change of optical properties such as birefringence,
optical rotatory power, dichroism and light scattering prop-
erties 1n the liquid crystal cell into a visual change. The LCD
device includes a backlight umt provided below a liquid
crystal display panel. In this case, an 1image 1s displayed on
the liquid crystal display panel by light emitted from the
backlight unat.

FIG. 1 1s a cross sectional view illustrating a related art
LCD device.

Referring to FIG. 1, the related art LCD device may
include a liqud crystal display panel 10, a guide panel 20,
a rear cover 30, a plurality of light source modules 40, a
diffusion plate 50, an optical sheet 60, and a front case 70.

The liquid crystal panel 10 may include lower and upper
substrates 11 and 13 bonded to each other with a liquid
crystal layer (not shown) interposed therebetween, a lower
polarizing film 15 attached to a rear surface of the lower
substrate 11, and an upper polanizing film 17 attached to a
front surface of the upper substrate 13.

The guide panel 20 supports a rear edge of the hquid
crystal display panel 10, and covers a lateral surface of the
liquad crystal display panel 10. To this end, the guide panel
20 may 1nclude a guide sidewall 21 for covering each lateral
surface of the liquid crystal display panel 10, and a panel
placing portion 23 formed in a square-shaped frame pro-
truding from an inner surface of the guide sidewall 21,
wherein the panel placing portion 23 i1s provided in the
square-shaped frame with a predetermined thickness so as to
support the rear edge of the liquid crystal display panel 10.

The rear cover 30 receives the plurality of light source
modules 40 therein, and also supports the diffusion plate 50,
the optical sheet 60 and the guide panel 20. In this case, the
rear cover 30 may include a bottom supporter, an inclined
portion inclined at a predetermined height from a bottom
surface, and an upper supporter provided 1n an upper side of
the 1inclined portion and formed with a predetermined width
while being parallel to the bottom supporter.

The plurality of light source modules 40 are arranged at
fixed intervals on the bottom supporter of the rear cover 30,
wherein a distance between each of the light source modules
40 1s fixed to ‘D1’, as shown 1n FIG. 1. For example, each
of the light source modules 40 may include a light emitting

diode.
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The diffusion plate 50 1s formed of a flat plate shape
having a predetermined thickness. The diffusion plate 50 1s
placed onto the upper supporter of the rear cover 30 so that
the diffusion plate 50 covers a front surface of the rear cover
30 with the plurality of light source modules 40 received
therein, whereby light being incident from the plurality of
light source modules 40 1s diffused and advanced toward the
liquid crystal display panel 10. Each lateral surface of the
diffusion plate 50 1s surrounded by the guide sidewall 21 of
the guide panel 20 so that a position of the diffusion plate 50
1s fixedly maintained by the guide panel 20.

The optical sheet 60 1s provided on the diffusion plate 50,
and the optical sheet 60 improves luminance properties of

light being incident from the diffusion plate 50 and provides

the light with improved luminance properties toward the
liquad crystal display panel 10. To this end, the optical sheet
60 may include a lower light-condensing sheet 61, an upper
light-condensing sheet 63, and a diffusion sheet 65. Each
lateral surface of the optical sheet 60 i1s surrounded by the
guide sidewall 21 so that a position of the optical sheet 60
1s fixedly maintained by the guide panel 20.

The front case 70, which 1s connected with the gwde
sidewall 21 of the guide panel 20, surrounds a front edge of
the liguid crystal display panel 10 and each lateral surface of
the guide panel 20, thereby fixedly maintaining a position of
the liquid crystal display panel 10 supported by the guide
panel 20.

However, the related art LCD device has the following
disadvantages.

First, the related art LCD device mnevitably requires the
components such as the guide panel 20 for supporting the
liquid crystal display panel 10 and fixing the position of the
optical component such as the diffusion plate 50 and optical
sheet 60, whereby the number of components 1s increased.
Due to the increased number of components included 1n the
related art LCD device, the yield 1s lowered and manufac-
turing cost 1s 1ncreased.

Also, a gap space ((G) 1s prepared between the liquid
crystal display panel 10 and the optical sheet 60 due to the
panel placing portion 23 of the guide panel 20. Thus, Mura
defects may occur due to a contact between the liquid crystal
display panel 10 and the optical sheet 60 1n accordance with

a thermal expansion of each of the liquid crystal display
panel 10 and the relatively-thick diffusion plate 50.

SUMMARY OF THE

INVENTION

Accordingly, the embodiments of the present mmvention
are directed to a liquid crystal display device that substan-
tially obviates one or more problems due to limitations and
disadvantages of the related art.

An aspect of the embodiments of the present invention 1s
directed to provide a ligmid crystal display device which
facilitates a simple structure by minimizing structural and
optical components.

Another aspect of the embodiments of the present inven-
tion 1s directed to provide a liquid crystal display device
which prevents Mura defects caused by a contact between a
liquad crystal display panel and an optical sheet.

Additional advantages and features of embodiments of the
invention will be set forth 1 part in the description which
follows and in part will become apparent to those having
ordinary skill in the art upon examination of the following
or may be learned from practice of embodiments of the
invention. The objectives and other advantages of embodi-
ments of the invention may be realized and attained by the
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structure particularly pointed out in the written description
and claims hereof as well as the appended drawings.

To achieve these and other advantages and 1n accordance
with the purpose of embodiments of the invention, as
embodied and broadly described herein, there 1s provided a
liguad crystal display (LCD) device comprising a liquid
crystal display panel that includes a lower substrate and an
upper substrate bonded to each other with a liquid crystal
layer interposed therebetween; a rear cover that includes a
bottom supporter supporting a light source module emitting,
light toward a bottom of the liquid crystal display panel, an
upper supporter supporting a lower edge of the liquid crystal
display panel, and a sidewall between the bottom supporter
and the upper supporter; a diffusion sheet arranged below the
liquad crystal display panel to cover the bottom supporter of
the rear cover; a sheet attachment member provided at the
edge of the diflusion sheet and attached to the bottom of the
liguad crystal display panel; an optical sheet arranged
between the liquid crystal display panel and the diffusion
sheet; and a panel connection member connected to a lower
edge of the liquid crystal display panel and also connected
to the upper supporter of the rear cover.

In another aspect of the present invention, there 1s pro-
vided a liquid crystal display (LLCD) device, which includes
a rear cover provided with a light source module emitting
light, a diffusion sheet covering the rear cover, an optical
sheet arranged on the diffusion sheet, and a liquid crystal
display panel arranged on the optical sheet, the LCD device

comprising a sheet attachment member attached to the edge
of the diflusion sheet and also attached to a bottom of the
liquad crystal display panel; and a panel connection member
connected to a lower edge of the liquid crystal display panel
and also connected to the rear cover, wherein the diffusion
sheet 1s attached to the liquid crystal display panel by the
sheet attachment and supports the optical sheet.

The liquid crystal display panel may include lower and
upper substrates bonded to each other with a liquid crystal
layer interposed therebetween and a lower polarizing film
attached to the lower substrate, and the diffusion sheet may
be attached to the lower polarizing film by the sheet attach-
ment member.

It 1s to be understood that both the foregoing general

description and the {following detailed description of

embodiments of the present mmvention are exemplary and
explanatory and are intended to provide further explanation
of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are included to pro-
vide a further understanding of the invention and are 1ncor-
porated 1in and constitute a part of this application, illustrate
embodiment(s) of the invention and together with the
description serve to explain the principle of the invention. In
the drawings:

FIG. 1 1s a cross sectional view illustrating a related art
LCD device;

FIG. 2 illustrates an LCD device according to a first
embodiment of the present invention;

FIG. 3 1s a cross-sectional view along line I-I' of FIG. 2;

FI1G. 4 15 a cross-sectional view along line II-1I' of FIG. 2;

FIG. 5 illustrates a diffusion set, a sheet attachment
member, and an optical sheet, which are shown in FIGS. 3
and 4;

FIGS. 6A to 6C 1illustrate sheets constituting an optical
sheet shown 1n FIGS. 3 and 4;
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FIG. 7 1llustrates a modified example of the LCD device
according to the first embodiment of the present invention,

which 1s obtained by changing the structure of a rear cover;

FIG. 8 1illustrates an LCD device according to a second
embodiment of the present invention;

FIG. 9 15 a cross-sectional view along line III-1IT' of FIG.
8

FIG. 10 1s a cross-sectional view along line IV-1V' of FIG.
8

FIG. 11 1llustrates a modified example of the LCD device
according to the second embodiment of the present inven-
tion, which 1s obtained by changing the structure of a rear
cover;

FIG. 12 illustrates an LCD device according to a third
embodiment of the present invention;

FIG. 13 1s a cross-sectional view along line V-V' of FIG.
12;

FIG. 14 1s a graph 1llustrating light transmittance based on
an incident angle of light 1n LCD devices according to the
present invention and a comparison example;

FIG. 15 1s a graph 1llustrating light reflective index based
on an incident angle of light in LCD devices according to the
present invention and a comparison example;

FIG. 16 illustrates luminance distribution of light source
modules according to a first interval of adjacent light source
modules 1n an LCD device according to the present inven-
tion; and

FIG. 17 1illustrates luminance distribution of light source
modules according to a second interval of adjacent light
source modules 1n an LCD device according to the present
invention.

DETAILED DESCRIPTION OF TH.
INVENTION

L1

Retference will now be made 1n detail to the exemplary
embodiments of the present mvention, examples of which
are 1llustrated in the accompanying drawings. Wherever
possible, the same reference numbers will be used through-
out the drawings to refer to the same or like parts.

On explanation about the embodiments of the present

invention, the following details about the terms should be
understood.
The term of a singular expression should be understood to
include a multiple expression as well as the singular expres-
s10n 1f there 1s no specific definition 1n the context. The terms
such as “the first” and “the second” are used only to
differentiate one element from other elements. Thus, a scope
of claims 1s not limited by these terms. Also, 1t should be
understood that the term such as “include” or “have” does
not preclude existence or possibility of one or more features,
numbers, steps, operations, elements, parts or their combi-
nations. It should be understood that the term “at least one”
includes all combinations related with any one item. For
example, “at least one among a first element, a second
clement and a third element” may include all combinations
of the two or more elements selected from the first, second
and third elements as well as each element of the first,
second and third elements. Also, 1f 1t 1s mentioned that a first
clement 1s positioned “on or above” a second structure, 1t
should be understood that the first and second elements may
be brought into contact with each other, or a third element
may be interposed between the first and second elements.

Heremaftter, a liquad crystal display (LCD) device accord-
ing to the embodiments of the present invention will be
described 1n detail with reference to the accompanying

drawings.
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FIG. 2 illustrates an LCD device according to the first
embodiment of the present invention, FIG. 3 1s a cross-
sectional view along I-I' of FIG. 2, and FIG. 4 1s a cross-
sectional view along II-II' of FIG. 2.

Referring to FIGS. 2 to 4, the LCD device 100 according
to the first embodiment of the present invention may include
a liquid crystal display panel 110, a rear cover 130, a
plurality of light source modules 150, a diffusion sheet 170,
a sheet attachment member 190, an optical sheet 210, a panel
connection member 230, and a front cover 250.

The liquid crystal display panel 110 controls light trans-
mittance of light which 1s incident from the plurality of light
source modules 150, whereby a predetermined image 1s
displayed on the liquid crystal display panel 110. To this end.,
the liqud crystal display panel 110 may include a lower
substrate 111, an upper substrate 113, a lower polarizing film
115, and an upper polarizing film 117.

On the lower substrate 111, there are a plurality of gate
and data lines crossing each other, and a plurality of pixels
formed at every crossing area of the gate and data lines. Fach
pixel may include a thin film transistor connected with the
gate and data lines, a pixel electrode connected with the thin
film transistor, and a common electrode formed adjacent to
the pixel electrode and supplied with a common voltage. The
lower substrate 111 controls light transmittance of a liqud
crystal layer by forming an electric field corresponding to a
differential voltage between common and data voltages
applied to each pixel. In a lower circumierence (or upper
circumierence) of the lower substrate 111, there 1s a pad
region including a signal apply pad connected with the
plurality of data lines. Also, there 1s a gate driving circuit for
supplying a gate signal to the plurality of gate lines 1n a left
and/or rnight circumference of the lower substrate 111,
wherein the gate driving circuit 1s formed by a thin film
transistor process.

The upper substrate 113 1s smaller than the lower sub-
strate 111, and a liquid crystal layer 1s interposed between
the lower substrate 111 and the upper substrate 113. Thus,
the entire area of the upper substrate 113 1s bonded to the
remaining areas ol the lower substrate 111 except the pad
region. On the upper substrate 113, there 1s a color filter
corresponding to each pixel. In addition, a common elec-
trode supplied with the common voltage 1n accordance with
a driving method of liquid crystal layer may be additionally
formed on the upper substrate 113.

A detailed structure of the lower and upper substrates 111
and 113 may be changed to various types generally known
to those 1n the art 1n accordance with mode, for example,
Twisted Nematic (ITN) mode, Vertical Alignment (VA)
mode, In Plane Switching (IPS) mode, Fringe Field Switch-
ing (FFS) mode, and etc.

The lower polarizing film 1135 i1s attached to a lower
surface of the lower substrate 111, wherein the lower polar-
1zing f1llm 115 polarizes the light being incident on the lower
substrate 111. In this case, the lower polarizing film 115 may
be attached to the entire area of the lower surface of the
lower substrate 111, or may be attached to the remaining
arca except a lower edge of the lower substrate 111.

The upper polarizing film 117 1s attached to a front surface
of the upper substrate 113, and the upper polarizing film 117
polarizes the light which 1s emitted to the outside via the
upper substrate 113.

An orientation direction in the lower polarizing film 115
by an orientation process 1s opposite to an orientation
direction 1n the upper polanizing film 117 by an ornentation
process, whereby a polarizing function of the lower polar-
izing film 115 1s diflerent from a polarizing function of the
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upper polarizing film 117. That 1s, a direction of shrinkage
force 1n the lower polarizing film 115 by the orientation
process 1s opposite to a direction of shrinkage force 1n the
upper polarizing film 117 by the orientation process. As the
lower polarizing film 1135 and the upper polarizing film 117
are respectively attached to the lower substrate 111 and the
upper substrate 113, the shrinkage forces of the lower
polarizing film 115 and the upper polanzing film 117 are
offset from each other, whereby the liquid crystal display
panel 110 1s maintained 1n a flat state without being bent
upward or downward.

Additionally, a panel driver 120 for driving each pixel 1s
connected with the pad region of the lower substrate 111.
The panel driver 120 may include a flexible printed circuit
film 122 attached to the pad region, a dnving integrated
circuit 124 provided 1n the tlexible printed circuit film 122,
and a data printed circuit board 126 connected with the
flexible printed circuit film 122.

The panel driver 120 may display 2-dimensional (2D) or
3-dimensional (3D) image on the liquid crystal display panel
110 1n accordance with a display mode. In order to display
the 3D 1mage on the liquid crystal display panel 110, the
LCD device according to the present invention may further
include a 3D-image optical member attached to the upper
polarizing film 117 or mterposed between the upper polar-
izing film 117 and the upper substrate 113. The 3D-1mage
optical member may be formed of a retarder film including
a left-eye retarder pattern and a right-eye retarder pattern to
provide the 3D image to a viewer in accordance with a
polarized glasses mode, or may be formed of a lens film
having a lens pattern to provide the 3D image a viewer in
accordance with a glassless mode.

The rear cover 130, which i1s arranged 1n a lower side of
the liquid crystal display panel 110, supports the liquid
crystal display panel 110, and also covers a rear surface of
the liquid crystal display panel 110. According to one
embodiment of the present invention, the rear cover 130
provides a space having a groove with a predetermined
depth, which corresponds to the remaining portions except
an edge overlapped with a border of the liquid crystal
display panel 110. Thus, the plurality of light source mod-
ules 150 are received 1n the space of the rear cover 130, and
the border of the liquid crystal display panel 110 1s supported
by the edge of the rear cover 130. For example, the rear
cover 130 may include a bottom supporter 131, a sidewall
133, and an upper supporter 135.

The bottom supporter 131 confronts the remaining por-
tions except the border of the liquid crystal display panel
110, and supports the plurality of light source modules 150.

The sidewall 133 1s bent from each side of the bottom
supporter 131 so as to provide the space on the bottom
supporter 131. That 1s, the sidewall 133 1s provided at a
predetermined height from each side of the bottom supporter
131 so that the sidewall 133 surrounds an upper side of the
bottom supporter 131. In this case, the sidewall 133 may be
inclined at a predetermined angle from each side of the
bottom supporter 131.

The upper supporter 135 1s provided in parallel to the
bottom supporter 131, and 1s bent from an upper end of the
sidewall 133 so as to support a lower edge of the liquid
crystal display panel 110.

Then, a reflective sheet 140 1s attached to upper surfaces
of the bottom supporter 131 and the sidewall 133.

The plurality of light source modules 150 are arranged on
the bottom supporter 131 of the rear cover 130, wherein a
distance between each of the light source modules 150 1s
fixed to *D2’. The plurality of light source modules 150 emat
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the light toward the diffusion sheet 170. According to one
embodiment of the present invention, the plurality of light
source modules 150 may include a light-source printed

circuit board 151, a point light source package 153, and a
light diffusion lens 155.

The plurality of light-source printed circuit boards 151
may be arranged at fixed intervals on the bottom supporter
131 of the rear cover 130. In this case, a backlight driving
signal line and a connector are provided in the light-source
printed circuit board 151, and the light-source printed circuit
board 151 1s connected with an externally-provided back-
light driving circuit through a connector.

The plurality of point light source packages 153 may be
arranged at fixed intervals, and are respectively provided on
the plurality of light-source printed circuit boards 151.
According as the point light source package 133 1s electri-
cally connected with the backlight driving signal line, the
point light source package 153 emits light by a backlight
driving signal supplied from the backlight driving signal
line. The pomt light source package 153 may include a
light-emitting diode driving chip.

The light diffusion lens 155, which 1s provided on the
light-source printed circuit board 151, covers the point light
source package 153. The light diffusion lens 153 diffuses the
light emitted from the point light source package 153,
whereby a central luminance of the light source module 150
1s dispersed so that 1t 1s possible to prevent a hot spot and to
increase a light emission area. For example, the light diffu-
sion lens 155 may have various cross sectional shapes such
as semi-spherical shape or semi-spherical shape with a
central groove, but not limited to theses shapes. The light
diffusion lens 155 may be formed 1n any shape enabling to
diffuse the light.

The distance ‘D2’ between each of the light source
modules 150 may be defined by a pitch between central
points of the neighboring point light source packages 153.
The distance ‘D2’ may be set by an optical gap (OG)
between the upper surface of the light-source printed circuit
board 151 and the reflective sheet 140 in order to realize the
uniform luminance in the entire area of the liquid crystal
display panel 110.

The diffusion sheet 170 1s provided in the lower side of
the liguid crystal display panel 110 so as to cover the bottom
supporter 131 of the rear cover 130 so that the light being
from the plurality of light source modules 150 1s diffused.
The diffusion sheet 170 substitutes for a related art diffusion
plate. The diffusion sheet 170 may include at least one of
haze, light diflusion pattern and light diffusion member,
wherein the diflusion sheet 170 may be relatively thinner
than the related art diffusion plate.

The sheet attachment member 190 1s formed along the
circumstance of the diffusion sheet 170 so that the diffusion
sheet 170 1s attached to the lower surface of the liquid crystal
display panel 110, whereby the diffusion sheet 170 1s con-
nected with the liquid crystal display panel 110 as one body.
In this case, an upper surface of the sheet attachment
member 190 attached to the liquid crystal display panel 110
may be attached to the circumierence of lower surface of the
lower substrate 111 or the circumierence of lower surface of
the lower polarizing film 115. That 1s, 1n consideration of a
thermal expansion in each of the lower polarnizing film 115
and the diflusion sheet 170, the sheet attachment member
190 1s attached to the lower polarizing film 115 so that the
sheet attachment member 190 1s thermally expanded
together with the lower polarizing film 1135 and the diffusion
sheet 170, preferably. The sheet attachment member 190
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8

may be photocurable adhesive, thermosetting adhesive,
double-sided tape, or double-sided adhesive pad.

In order to prevent foreign matter or moisture from being
permeated 1nto the inside through a gap between the liquid
crystal display panel 110 and the diffusion sheet 170, the
sheet attachment member 190 may be provided with a
sealing space prepared between the liquid crystal display
panel 110 and the diflusion sheet 170. To this end, as shown
in FIG. §, the sheet attachment member 190 may be formed
in a closed-loop type along the circumierence of the diffu-
sion sheet 170. In this case, the sheet attachment member
190 may be formed of photocurable adhesive or thermoset-
ting adhesive, preferably.

The optical sheet 210 1s smaller than the diff

usion sheet
170. The optical sheet 210 1s 1inserted into the gap space (or
sealing space) prepared between the lower polamzmg {1lm
115 of the liquid crystal display panel 110 and the diffusion
sheet 170 by the sheet attachment member 190, and 1s
supported by the diffusion sheet 170. Preferably, the optical
sheet 210 1s not attached to the lower surface of the lower
polarizing film 115, but i1s disposed adjacent to the lower
surface of the lower polarizing film 115 at maximum. In case
of the thermal expansion of the liquid crystal display panel
110, the entire area of the liquid crystal display panel 110 1s
brought into surface-contact with the entire area of the
optical sheet 210 so that 1t 1s possible to prevent Mura
defects caused by a local contact between the liquid crystal
display panel 110 and the optical sheet 210. Meanwhile, 1f
the optical sheet 210 1s attached to the entire lower surface
of the lower polarizing film 1135, 1t nevitably requires an
additional transparent adhesive. If using the transparent
adhesive, i1t has little refractive index so that an optical
function of the optical sheet 210 1s lowered.

The optical sheet 210 may include at least one of prism
sheet, lenticular lens sheet and micro lens sheet. For
example, as shown 1n FIG. 6 A, the prism sheet may include
a plurality of prism patterns 210a provided in parallel,
wherein each prism pattern 210q included in the prism sheet
may have a triangular-shaped cross section. In this case, the
peak and valley of the prism pattern 210a may be rounded.
For example, as shown 1n FIG. 6B, the lenticular lens sheet
may include a plurality of lenticular lens patterns 21056
provided 1n parallel, wherein each lenticular lens pattern
21056 included in the lenticular lens sheet may have a
semicircle or semiellipse cross section with a predetermined
curvature. For example, as shown in FIG. 6C, the micro lens
sheet may include a plurality of micro lens patterns 210c,
wherein each micro lens pattern 210¢ may have a semicircle
or semiellipse cross section with a predetermined height.
Preferably, each pattern 210a, 2105 and 210c¢ included 1n the
prism sheet, lenticular lens sheet and micro lens sheet 1s
smaller than each pixel formed 1n the liquid crystal display
panel 110 1n order to prevent Moire effects caused by a light
interference.

The optical sheet 210 according to one embodiment of the
present ivention may include first and second lenticular
lens sheets 212 and 214 deposited on the diffusion sheet 170.
In this case, a length direction of the plurality of lenticular
lens patterns formed 1n the first lenticular lens sheet 212 may
be the same as a length direction of the plurality of lenticular
lens patterns formed 1n the second lenticular lens sheet 214,
or a length direction of the plurality of lenticular lens
patterns formed in the first lenticular lens sheet 212 may
intersect with a length direction of the plurality of lenticular
lens patterns formed 1n the second lenticular lens sheet 214.

Referring once again to FIGS. 2 to 4, the panel connection
member 230 connects the circumierence of lower surface of
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the liquid crystal display panel 110 with the upper supporter
135 of the rear cover 130. The panel connection member 230
may be photocurable adhesive, thermosetting adhesive,
double-sided tape, or double-sided adhesive pad. The panel
connection member 230 may be attached to the circumfier-
ence of the lower substrate 111 of the liquid crystal display
panel 110 or the circumierence of the lower polarizing film
115. In consideration of connection strength and thermal
expansion, the panel connection member 230 1s attached to
the lower substrate 111, preferably. Especially, 1f the panel
connection member 230 1s attached to the circumierence of
lower surface of the lower substrate 111, each lateral surface
of the lower polarizing film 1135 1s surrounded by the panel
connection member 230 so that 1t 1s possible to prevent the
light incident on the lower polanizing film 115 from being
emitted to the outside by a total internal reflection of the
lower polarizing film 115, thereby preventing light leakage
in the lateral side.

The front cover 250 1s formed in a rectangular frame
whose cross section 1s formed i1n shape of “I" 7, and 1s
connected with the rear cover 130, whereby the front cover
250 covers a front edge of the liquid crystal display panel
110 and each lateral surface of the rear cover 130. In this
case, the front cover 250 may be connected with the rear
cover 130 by a lateral connection method using a coupling
member such as screw or hook, whereby the front cover 250
covers the front edge of the liquid crystal display panel 110,
and also prevents the panel driver 120 and the panel con-
nection member 230 from being exposed to the outside of
the LCD device.

As described above, 1n case of the LCD device according
to the first embodiment of the present mnvention, the diffu-
sion sheet 170 1s attached to the circumierence of the lower
surface of the liquid crystal display panel 110, and the liquad
crystal display panel 110 with the relatively-thuin diffusion
sheet 170 attached thereto 1s connected with the rear cover
130. As a result, 1t 1s possible to remove the related art
diffusion plate and gude panel, which are necessarily
required 1n the related art LCD device, from the LCD device
according to the first embodiment of the present invention.
Accordingly, the LCD device according to the first embodi-
ment of the present invention simplifies the structure of the
LCD device by decreasing the structural and optical com-
ponents, and also prevents Mura defects caused by the
contact between the liquid crystal display panel 110 and the
optical sheet 210 1n accordance with the thermal expansion
of the relatively-thick diffusion plate.

Also, 1n case of the LCD device according to the first
embodiment of the present invention, the optical sheet 210
1s provided 1n the sealing space prepared between the liquid
crys‘[al display panel 110 and the diffusion sheet 170 so that
it 1s possible to prevent interference defects of components
and a separation of the optical sheet 210 during an experi-
ment for mechanical reliability such as vibration or shock,
and also to prevent permeation of foreign matter or moisture
by the use of sealing space, that 1s, to prevent the optical
sheet 210 from being wrinkled by permeation of foreign
matter or moisture, and furthermore to prevent Mura defects
which might occur under the circumstance of high-tempera-

ture and humadity.

FI1G. 7 1llustrates a modified example of the LCD device
according to the first embodiment of the present invention,
which 1s obtained by changing the structure of rear cover.
Hereinatter, only the structure of rear cover will be described
in detail.
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As described above, the rear cover 130 may include a
bottom supporter 131, a sidewall 133, and an upper sup-
porter 135.

The bottom supporter 131 confronts the remaining por-
tions except the border of liqud crystal display panel 110,
and supports a plurality of light source modules 150.

The sidewall 133 i1s bent from each side of the bottom
supporter 131 so as to provide the space on the bottom
supporter 131. That 1s, the sidewall 133 1s provided at a
predetermined height from each side of the bottom supporter
131 so that the sidewall 133 surrounds an upper side of the
bottom supporter 131. In this case, the sidewall 133 may be
inclined at a predetermined angle from each side of the
bottom supporter 131.

The upper supporter 135 1s provided in parallel to the
bottom supporter 131, and 1s formed 1n a step shape while
being connected with an upper end of the sidewall 133. The
upper supporter 135 supports a lower edge of a diffusion
sheet 170 attached to the liquid crystal display panel 110,
and also supports a lower edge of the liquid crystal display
panel 110. To this end, the upper supporter 135 may include
a sheet support portion 1354, an upper sidewall 1355, and a
panel support portion 135c.

The sheet support portion 135a 1s provided at the upper
end of the sidewall 133 to have a predetermined width while
being parallel to the bottom supporter 131, to thereby
support the lower edge of the diflusion sheet 170 attached to
the liquid crystal display panel 110. Accordingly, a receiving
space ol a rear cover 130 1s perfectly covered by the
diffusion sheet 170 so that 1t 1s possible to prevent hght
leakage 1n a gap between the rear cover 130 and the diffusion
sheet 170, thereby improving light efliciency.

The upper sidewall 13355 1s bent from an end of the sheet
support portion 1334, and 1s provided with a predetermined
height, whereby the upper sidewall 1355 surrounds each
lateral side of the sheet attachment member 190 and the
diffusion sheet 170 supported by the sheet support portion
135. The upper sidewall 1355 decreases an interval between
the panel support portion 135¢ and the liquid crystal display
panel 110.

The panel support portion 135¢ 1s provided at a prede-
termined width while being parallel to the bottom supporter
131 and being connected with an upper end of the upper
sidewall 135b, to thereby support the lower edge of the
liquad crystal display panel 110. The panel support portion
135¢ 1s connected with the aforementioned panel connection
member 230, to thereby support the liquid crystal display
panel 110.

The upper supporter 135 may further include a cover
sidewall 135d. The cover sidewall 1354 1s downwardly bent
from an end of the panel support portion 135¢ while being
in parallel to the upper sidewall 1355. The cover sidewall
1354 1s connected with the atorementioned front cover 250,
and 1s surrounded by the front cover 250.

Accordingly, the upper supporter 135 supports the diflu-
sion sheet 170 through the use of sheet support portion 1354,
upper sidewall 1355 and panel support portion 135¢ formed
in the step shape, and also supports the liquid crystal display
panel 110 through the use of panel support portion 135c,
thereby preventing light leakage 1n the lateral side of the
diffusion sheet 170, and enhancing stiflness of the rear cover
130. Also, the upper supporter 135 enables to decrease the
interval between the liquid crystal display panel 110 and the
panel support portion 135¢ through the upper sidewall 1355,
thereby facilitating the formation of the panel connection
member 230.
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FIG. 8 1llustrates an LCD device according to the second
embodiment of the present invention, FIG. 9 1s a cross-
sectional view along line III-III' of FIG. 8, and FIG. 10 1s a
cross-sectional view along line IV-IV' of FIG. 8.

Referring to FIGS. 8 to 10, the LCD device according to
the second embodiment of the present invention may include
a liquid crystal display panel 110, a rear cover 130, a
plurality of light source modules 150, a diffusion sheet 170,
a sheet attachment member 190, an optical sheet 210, a panel
connection member 230, a deco cover 350, and an edge
sealing member 370. The LCD device according to the
second embodiment of the present invention constitutes a
front surface of the liquid crystal display panel 110 as one
flat surtace by additionally removing the front cover from
the LCD device according to the first embodiment of the
present invention, whereby a bezel width becomes zero.

In the LCD device according to the second embodiment
of the present invention, the other elements except the deco
cover 350 and the edge sealing member 370 are the same as
those of the LCD device according to the first embodiment
of the present mvention shown in FIGS. 2 to 7. Each of the
deco cover 350 and the edge sealing cover 370 1s used to
cover the pad region of the display panel 110 and the panel
driver, which are exposed externally as the front cover is
removed, and 1s also used to protect sides of the display
panel 110, which are exposed externally, from external
impact and prevent side light leakage from occurring. In this
respect, the deco cover 350 and the edge sealing member
370 will only be described hereinafter.

The deco cover 350 1s formed to have a cross section in
shape of “I" 7, thereby covering a lower edge of the display
panel 110 and the panel driver 120. Such a deco cover 350
1s connected with the side of the rear cover 130, whereby the
lower edge of the display panel 110, which includes a
plurality of pad regions formed on the lower substrate 111,
and the panel driver 120 are prevented from being exposed
to the outside of the display LCD device.

The edge sealing member 370 1s formed at the edge of the
liquid crystal display panel 110 to have a fixed thickness and
then surrounds the edge of the liquid crystal display panel
110. Such an edge sealing member 370 1s formed to sur-
round each of the upper edge, the left edge and the right edge
of the liguid crystal display panel 110 except the lower side
of the lower substrate 111 connected with the panel driver
120 of the liquid crystal display panel 110. In other words,
the edge sealing member 370 may be formed to surround the
side of the lower substrate 111, the side of the upper
substrate 113, and the side of the upper polarizing film 117.
Additionally, 11 the lower edge of the lower substrate 111 and
the upper edge of the upper substrate 114 are processed by
beveling, the edge sealing member 370 may be formed
surround the beveling portion of each of the lower substrate
111 and the upper substrate 113. Particularly, in order to
prevent separation of the upper polarizing film 117 from
occurring as the front surface of the liquid crystal display
panel 110 1s exposed externally, the sides of the upper
polanizing film 117 are cut by a laser cutting process to have
an 1inclined surface while being spaced apart from each other
at a fixed interval from the outer side of the upper substrate
113, and the edge sealing member 370 may be formed to
partially cover the inclined surface of the upper polarizing
f1lm 117.

Although the edge sealing member 370 may be made of
a silicon based or UV hardeming based sealing material (or
resin), it 1s preferable that the edge sealing member 370 1s
made of a UV hardening based sealing material considering,
process tack time. Also, although the edge sealing member
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370 may have a color (for example, blue, red, blue-green or
black), the edge sealing member 370 may be selected 1n
accordance with design aspect of the liquid crystal display
panel 110 without limitation to the color. Preferably, the
edge sealing member 370 1s made of a colored resin or
light-shielding resin to prevent side light leakage of the
liguid crystal display panel 110 from occurring due to
internal total reflection of the lower substrate 112.

The atorementioned LCD device according to the second
embodiment of the present mmvention may have the same
advantage as that of the LCD device according to the first
embodiment of the present invention and at the same time
improve screen concentration of a user (or viewer) during
image display as there 1s no element on the other front
surface except the lower edge of the liquid crystal display
panel 110.

Meanwhile, in the LCD device according to the second
embodiment of the present invention, as shown i FIG. 11,
the upper supporter 135 of the rear cover 120 1s formed 1n
a step shape, and supports the lower edge of the diffusion
sheet 170 attached to the liquid crystal display panel 110 and
also supports the lower edge of the liquid crystal display
panel 110. To this end, the upper supporter 135 may include
a sheet support portion 1354, an upper sidewall 135b, and a
panel support portion 135¢. Since the upper supporter 133 1s
the same as that shown in FIG. 7, 1ts repeated description
will be omitted.

FIG. 12 illustrates an LCD device according to the third
embodiment of the present mmvention, and FIG. 13 1s a
cross-sectional view along line V-V' of FIG. 12. The LCD
device according to the third embodiment of the present
invention 1s provided in that an edge cover i1s additionally
provided to the LCD device of the second embodiment of
the present mvention shown 1 FIGS. 9 to 11. The cross-
sectional view along line III-III' of FIG. 12 1s the same as
that shown 1n FIGS. 8-11. Accordingly, the edge cover will
only be described hereinaftter.

The edge cover 390 1s connected to the side of the rear
cover 130 and surrounds the upper side, the left side and the
right side of each of the rear cover 130 and the display panel
110 that includes the aforementioned edge sealing member
370 while not covering the front surface of the display panel
110, whereby the edge sealing member 370 and the panel
connection member 230 are prevented from being exposed
externally. Preferably, the edge cover 390 1s formed at a
thickness of 0.2 mm to 2 mm to minimize a bezel width of
the display device.

FIG. 14 1s a graph 1llustrating light transmittance based on
an incident angle of light in LCD devices according to the
present mvention and a comparison example (related art
LCD device). In this case, the LCD device of the comparison
example may include a diffusion plate, a lenticular lens
sheet, a prism sheet, and a diflusion sheet while the LCD
device of the present invention may include a diflusion sheet
and two lenticular lens sheets.

As 1llustrated 1n the graph A of FIG. 14, 1t 1s noted that the
related art LCD device has low light transmittance 1f an
incident angle of light which 1s incident on the diffusion
plate 1s high. By contrast, as illustrated 1n the graph B of
FIG. 14, 1t 1s noted that 1n the LCD device according to the
embodiments of the present invention, light transmittance
based on an 1ncident angle of light which 1s incident on the
diffusion sheet 1s higher than that of the related art LCD
device.

FIG. 15 1s a graph 1llustrating light reflective index based
on an incident angle of light in LCD devices according to the
present mvention and a comparison example (related art
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LCD device). In this case, the LCD device of the comparison
example may include a diflusion plate, a lenticular lens
sheet, a prism sheet, and a diflusion sheet while the LCD
device of the present invention may include a diflusion sheet
and two lenticular lens sheets.

As 1llustrated 1n the graph C of FIG. 15, 1t 1s noted that
light reflective index in the related art LCD device 1is
increased 1f an 1ncident angle of light which 1s incident on
the diffusion plate 1s high. By contrast, as illustrated in the
graph D of FIG. 15, 1t 1s noted that in the LCD device
according to the embodiments of the present invention, light
reflective index based on an 1ncident angle of light which 1s
incident on the diffusion sheet 1s lower than that of the
related art LCD device.

Since light transmittance 1s high and light reflective index
1s low at the high incident angle 1n the LCD device accord-
ing to the present mvention as shown i FIGS. 14 and 15,
luminance L1 between the adjacent light source modules
150 arranged at the first fixed interval D1 becomes high and
upper luminance L2 of the light source modules 1350
becomes low as shown 1n FIG. 16. A mura defect may occur
due to the difference 1n luminance .1, [.2. This mura defect
means that the second interval D2 between adjacent light
source modules 150 may be widened.

Accordingly, the present invention may reduce the num-
ber of light source modules 150 by widening the interval
(D2>D1) between the adjacent light source modules 150. At
this time, the nterval (D2>D1) between the adjacent light
source modules 150 1s set such that luminance distribution
of light, which has been emitted from one light source
module 150 and then has been transmitted to the optical
sheets, may have Gaussian function form as shown in FIG.
17. In this case, 1t 1s preferable that a full width at half
maximum of the Gaussian function is set to be greater than
a value (D2/In(2)) obtained by dividing the second interval
D2 between the adjacent light source modules 150 by a
natural log value of 2 (In(2)). Accordingly, the present
invention may increase the aforementioned optical gap (OG)
as much as the removed gap space (G) and the removed
guide panel 1n the related art LCD device shown 1in FIG. 1,
and may uniformly maintain luminance of the liquid crystal
display panel while reducing the number of light source
modules 150 by optimizing the interval (D2>D1) between
the adjacent light source modules 150 1n accordance with the
tull width at half maximum of the Gaussian function.

As described above, according to one or more embodi-
ments of the present invention, the following advantages can
be obtained.

First of all, since the relatively-thuin diflusion sheet 1s
attached to the liquid crystal display panel, and the liqud
crystal display panel to which the diffusion sheet 1s attached
1s connected to the rear cover, whereby the guide panel and
the diffusion plate which are the essential elements of the
LCD device may be removed. Accordingly, the number of
structural and optical components may be reduced, whereby
the structure and manufacturing process of the LCD device
may be simplified.

Second, since the LCD device of the present imnvention
does not include the relatively-thick diffusion plate, 1t 1s
possible to prevent Mura defects caused by the contact
between the liquid crystal display panel and the optical sheet
in accordance with the thermal expansion.

Finally, as the guide panel and the diffusion plate are
removed, the optical gap between the diffusion sheet and the
light source module 1s increased to reduce the number of the
light source modules, whereby the manufacturing cost may
be reduced.
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It will be apparent to those skilled 1n the art that various
modifications and variations can be made to embodiments of
the present invention without departing from the spirit or
scope of the invention. Thus, 1t 1s intended that the present
invention covers the modifications and variations of this
invention provided they come within the scope of the
appended claims and their equivalents.

What 1s claimed 1s:

1. A liqud crystal display (LCD) device comprising:

a liquid crystal display panel that includes a lower sub-

strate and an upper substrate bonded to each other with
a liquid crystal layer mterposed therebetween;

a rear cover that includes a bottom supporter supporting
a light source module emitting light toward a bottom of
the liquid crystal display panel, an upper supporter
supporting a lower edge of the liquid crystal display
panel, and a sidewall between the bottom supporter and
the upper supporter;

a diffusion sheet arranged below the liquid crystal display

panel to cover the bottom supporter of the rear cover;

a sheet attachment member attached to an edge of the

diffusion sheet and attached to the bottom of the liquid
crystal display panel;

an optical sheet arranged between the liquid crystal dis-

play panel and the diffusion sheet; and

a panel connection member attached to the lower edge of

the liquid crystal display panel and the upper supporter
of the rear cover,

wherein a gap exists between the sheet attachment mem-

ber and the optical sheet.

2. The LCD device of claim 1, wherein the liquid crystal
display panel further includes a lower polarizing film
attached to a bottom of the lower substrate, and

wherein the sheet attachment member 1s attached to an

edge of the lower polanzing film.

3. The LCD device of claim 1, wherein the sheet attach-
ment member 1s provided at the edge of the diffusion sheet
in shape of a closed loop so that a sealing space 1s provided
between the diffusion sheet and the liqud crystal display
panel.

4. The LCD device of claim 1, wherein the panel con-
nection member 1s connected to a lower edge of the lower
substrate of the liquid crystal display panel and 1s also
connected to the upper supporter of the rear cover.

5. The LCD device of claim 1, wherein each of the sheet
attachment member and the panel connection member 1s a
photocurable adhesive, thermosetting adhesive, double-
sided tape, or double-sided adhesive pad.

6. The LCD device of claim 1, wherein the optical sheet
includes at least one of a prism sheet having a prism pattern,
a lenticular lens sheet having a lenticular lens pattern, and a
micro lens sheet having a micro lens pattern.

7. The LCD device of claim 1, wherein the upper sup-
porter of the rear cover includes:

a sheet support portion supporting the edge of the difiu-

sion sheet;

an upper sidewall bent from the sheet support portion,

surrounding sides of the diffusion sheet; and

a panel support portion provided above the upper sidewall

and connected to the panel connection member.

8. The LCD device of claim 1, further comprising a front
cover surrounding a front edge of the liquid crystal display
panel and a side of the rear cover.

9. The LCD device of claim 1, further comprising:

a panel driver connected to a pad region provided at an

edge at one side of the lower substrate;
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a deco cover covering an edge at one side of the hiquid
crystal display panel and the side of the liquid crystal
display panel, which corresponds to the edge at one
side of the lower substrate; and

an edge sealing member covering the other sides except
the edge at one side of the liquid crystal display panel.

10. The LCD device of claim 9, further comprising an

edge cover connected to the side of the rear cover to cover
the edge sealing member without covering a front surface of
the liquid crystal display panel.

11. A Iiquad crystal display (LCD) device, which includes

a rear cover provided with a light source module emitting
light, a diffusion sheet covering the rear cover, an optical
sheet arranged on the diffusion sheet, and a liquid crystal
display panel arranged on the optical sheet, the LCD device
comprising;

a sheet attachment member attached to an edge of the
diffusion sheet and also attached to a bottom of the
liquid crystal display panel; and

a panel connection member attached to a lower edge of
the liquid crystal display panel and the rear cover,
wherein the diffusion sheet 1s attached to the liquid
crystal display panel by the sheet attachment and
supports the optical sheet,

wherein a gap exists between the sheet attachment mem-

ber and the optical sheet.

12. The LCD device of claim 11, wherein the liquid
crystal display panel further includes lower and upper sub-
strates bonded to each other with a liquid crystal layer
interposed therebetween and a lower polarizing film
attached to the lower substrate, and

wherein the diffusion sheet 1s attached to the lower

polarizing film by the sheet attachment member.

13. The LCD device of claim 12, wherein the rear cover
1s connected to a lower edge of the lower substrate by the
panel connection member.

14. The LCD device of claim 11, further comprising an
edge sealing member covering the other sides except an
edge at one side of the liquid crystal display panel.
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15. A liquid crystal display (LCD) device comprising:

a liquid crystal display panel that includes a lower sub-
strate and an upper substrate bonded to each other with
a liquid crystal layer interposed therebetween;

a rear cover that includes a bottom supporter supporting,
a light source module emitting light toward a bottom of
the liquid crystal display panel, an upper supporter
supporting a lower edge of the liquid crystal display
panel, and a sidewall between the bottom supporter and
the upper supporter;

a diffusion sheet arranged below the liquid crystal display
panel to cover the bottom supporter of the rear cover;

a sheet attachment member attached to an edge of the
diffusion sheet and attached to the bottom of the liquid
crystal display panel;

an optical sheet arranged between the liquid crystal dis-
play panel and the diffusion sheet; and

a panel connection member attached to the lower edge of
the liquid crystal display panel and the upper supporter
of the rear cover,

wherein each of the sheet attachment member and the
panel connection member 1s a photocurable adhesive,
thermosetting adhesive, double-sided tape, or double-
sided adhesive pad.

16. A liqud crystal display (LCD) device, which includes

a rear cover provided with a light source module emitting
light, a diffusion sheet covering the rear cover, an optical
sheet arranged on the diffusion sheet, and a liquid crystal
display panel arranged on the optical sheet, the LCD device
comprising;

a sheet attachment member attached to an edge of the
diffusion sheet and also attached to a bottom of the
liguad crystal display panel;

a panel connection member attached to a lower edge of
the liquid crystal display panel and the rear cover,
wherein the diffusion sheet 1s attached to the liquid
crystal display panel by the sheet attachment and
supports the optical sheet; and

an edge sealing member covering the other sides except
an edge at one side of the liquid crystal display panel.
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